Abstract: This experiment was conducted to determine the effect of a dietary Calcium Soap of Fatty Acids (CSFA) and canola oil on cholesterol and omega-3 fatty acids content of the egg. A total of 120 Hy-line white layer (24-week old) were randomly divided into four experimental treatments with six replicates (5 hens per cage) and arranged in a completely randomized design. The experimental period lasted eight weeks and during this period, the birds had free access to feed and water. Experimental diets consisted of: 1) basal diet; 2) basal diet with 1% calcium soap of fatty acids; 3) basal diet with 3% canola oil and 4) basal diet with 5% canola oil. Egg weight, egg-yolk and egg white weights, yolk and egg cholesterol concentrations, linolenic and docosahexaenoic acids (DHA) content of the yolk were measured. Egg and egg white weights were not significantly different (p>0.05) among treatments. Adding 3% canola oil and 1% CSFA had no significant effect on egg-yolk weight, but addition of 5% canola oil showed significant effect on egg-yolk weight (p<0.05). CSFA had no significant effect on egg and yolk cholesterol, linolenic acid and omega-3 concentrations (p>0.05). Canola oil at 3 and 5% increased the percentage of linolenic acid by 2.7 to 4.73 folds to give levels of 3.43 and 6.02 percent of total fatty acids, respectively. Canola oil increased DHA content of the egg (p<0.05). By adding 3 and 5% canola oil, the percentage of DHA increased by 8.73 and 9.8 folds compared with the control diet, respectively. Canola oil at 3 and 5% increased percentage of total omega-3 fatty acids by 3.3 and 4.75 folds (4.72 vs 6.80%) as compared with the control diet (1.43%). Based on the results it seems that adding 5% canola oil to the laying hen diet based on corn and soybean meal, can increase omega-3 fatty acids content of egg-yolk which may have beneficial roles on human health.
Introduction
Oils have commonly been used as energy sources in the diets for laying hens. Studies have shown that type of dietary lipids of the laying hen, can drastically alter the lipid profile of the egg-yolk (Balnave, 1970; Yang et al., 2000; Grobas et al., 2001) . Canola oil has been recognized as rich plant source of linolenic acid (C18:3). Linolenic acid can be converted to longer chain omega-3 fatty acids, such as eicosapentaenoic acid (EPA, C20:5), docosapentaenoic acid (DPA, C22:5) and
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docosahexaenaic acid (DHA, C22:6) in poultry through The experiment was carried out using 210 Hy-line white elongation and desaturation pathway, thus enriching the layers (45-week old) in the Animal Research Station of egg yolk with omega-3 fatty acids (Sim, 1990; Yang et al., the College of Agriculture, Shiraz University, Shiraz, Iran 2000). Omega-3 fatty acids have many health benefits in year 2006. A basal diet (Table 1 ) was formulated to including the ability to decrease cardiovascular disease contain 16.27% crude protein and 2642 kcal Kg (Hirai et al., 1980; Cherian and Sim, 1991; Grobas et al., Metabolizable Energy (ME). Dietary treatments consisted 2001), antithrombic (Herod and Kinsella, 1986) and of either 0% supplemented fat (basal diet), the basal diet rheumatoid arthritis (Kremer et al., 1987) . Health with 1% added Calcium Soap of Fatty Acids (CSFA), the recommendations have encouraged a reduction in the basal diet with added 3% canola oil (3% CO) and the consumption of total lipids, saturated fatty acid and basal diet with 5% added canola oil (5% CO). Basal diet cholesterol but to increasing the proportion of monowas formulated according to NRC (1994) . Hens were unsaturated and polyunsaturated fatty acids (PUFA) in kept in wire cages (five hens per cage). Pre-experiment human diets (Walsh et al., 1975; Temple, 1996) . Grundy (14 days) was conducted using basal diet. Four different (1980) found that dietary mono-unsaturated fatty acids experimental diets were given for eight weeks. Each diet (e.g. oleic) were very effective in lowering blood was given to six replicated (five hens per cage). Hens cholesterol concentration and may be important i n preventing coronary heart disease. Also genetic, age and p harmacology agents are known to affect egg cholesterol deposition (Hargis, 1988; Halle, 1996 and 2001) . The objective of this research was to determine the effect of feeding calcium soap of fatty acids and canola oil on cholesterol and fatty acid composition of egg yolk of laying hen.
-1 collected and egg weight, yolk weight and white egg weight were measured. Fat, cholesterol, content and percentage, linolenic and docosahexaenoic (DHA) fatty acids were calculated (on 3 eggs from each replicate). Fat content was determined according to AOAC (2000) . Fatty acids and cholesterol content were assayed by Gas chromatography and Zak (1977) procedures, respectively. Data were analyzed as a complete randomized design with four treatments and six replicates. Statistical analysis of data was carried out using SAS statistical package program (SAS, 1999) and means were compared with Duncan's multiple range test at (p<0.05).
Results and Discussion
The search of new procedures to improve the quality of food of animal origin is an unquestionable tendency in animal production. One of the relevant subjects, in this context, is the attempt to improve the quality of the eggyolk lipids content profile of commercial laying hens for human consumption. In the present study it was found that the content of linolenic and omeg-3 fatty acids of egg yolk could the enriched through the diet of the laying hen (Sim, 1990; Yang et al., 2000) . Results regarding egg weight, white and yolk weights and egg and yolk cholesterol content are shown in Table 2 . Egg weight did not differ significantly (p>0.05) between diets. This result changes in egg cholesterol concentration with olive oil, is in agreement with the results of previous research in which no significant effect on egg weight was observed when canola oil was added to the diet (Farrel, 2002) but is not in the line of findings of Grobas et al. (2001) who reported higher egg weight with feeding soybean oil and flax oil. Egg white weight was not affected by diets (p>0.05). Our findings would agree with Horniakov (1997) who did not observe any increase in egg white weight with 2 and 6% canola oil supplementation. The addition of 3 and 6% canola oil did not have any effect on egg white weight but it has been reported that the addition of 8% safflower oil increased egg and egg white weights possibly due to high content of linoleic acid (75%) of safflower oil (Wang, 1996) . The egg-yolk weight was significantly (p<0.05) higher with adding 5% canola oil which is in agreement with the findings of Niemiec et al. (1999) who fed canola and flax oil to laying hens. In contrast, Horniakova (1997) did not observed an increase in yolk weight with 2 and 6% canola oil supplementation. Also Shafey et al. (2003) reported no significant effect of feeding 2% olive oil or safflower oil on egg-yolk weight. Due to the differences between weight of egg-yolk among diets, cholesterol content was compared as mg per g yolk. Egg cholesterol concentration was highest when hens were fed diet with 5% canola oil with no difference (p>0.05) with 3% canola oil supplementation but both levels were significantly (p<0.05) higher than control diet. This might be due to the higher yolk weight with canola oil supplementation. Also with feeding unsaturated fatty acids, lipogenesis would decrease but cholesterol synthesis would increase in liver and since liver cholesterol mainly deposited in egg, the cholesterol content of egg will increase (Weiss et al., 1967a) . In contrast, Wang (1996) reported a decrease i n cholesterol concentration and an increase in egg and egg white weights with supplementing diet with 8 % safflower oil. The addition of CSFA had no significant effect on egg and yolk cholesterol concentration which might be due to the low level of fatty acids or malabsorption of fatty acids in CSFA. It has been reported that feeding animal or saturated fats would decrease total lipid synthesis but cholesterol biosynthesis in liver will not change, therefore the extent of egg cholesterol content would not increase as compared with feeding unsaturated fats (Weiss et al., 1967a,b) . The type of fat content of laying hen diet has an effect on the amount of transportation of liver cholesterol into ovaries, so feeding unsaturated fats would increase the phospholipids synthesis which are the essential constituents of lipoproteins (Weiss et al., 1967a) . In other research eggs from feeding diets containing fish oil showed the highest and poultry fat showed the lowest cholesterol concentration (Melluzzi et al., 1996) . I n contrast, Watkins and Elkin (1992) did not observe any soybean oil or tallow supplementation. The discrepancies between studies on cholesterol content of egg might be due to the genetic and dietary factors acid and deposed into the egg yolk. (Hargis, 1988) . The results in the literature concerning
The percentage of DHA increased from 0.15 with control the effect of dietary fatty acids intake on egg and plasma diet to 1.31 and 1.47 with 3 and 5% canola oil cholesterol concentrations, are contradictory. Holland supplementation, respectively (Table 3) which et al. (1980) and Mori et al. (1999) verified that correspond to 8.73 and 9.8 folds increase in DHA polyunsaturated fatty acids of dietetic oils decreased percentage of total fatty acids. Similar results were both the egg and plasma cholesterol concentrations. On reported previously (Vogtmann and Clandinin, 1975 ; the other hand, Bartov et al. (1971) and Washburn and Ferrier et al., 1995; Scheideler and Froning, 1996) . CSFA Nix (1974) did not observed such effect. In this study, had no significant effect on lonolenic, DHA and omega-3 only linolenic acid and DHA were identified. The amount fatty acids, indicating the necessity of further of linolenic acid was affected by the addition of canola oil investigations. In conclusion, in terms of human health (p<0.05) and was highest with 5% canola oil benefits, the higher linolenic and omega-3 fatty acids supplementation with no differences between control with feeding canola oil (especially 5%) to laying hen, and CSFA diets. The addition of 3 and 5% canola oil may represent an improvement in the fatty acid profile of increased percentage of linolenic acid by 2.7 and 4.73 egg. folds, respectively as compared with the control diet. As compared with the control diet, the percentage o f linolenic acid increased (p<0.05) from 1.27 to 3.43 with 3% canola oil and from 1.27 to 6.02 with 5% canola oil, respectively (Table 3 ). The amount of DHA was affected significantly (p<0.05) by canola oil supplementation with no differences between 3 and 5% canola oil, respectively. The percentage of omega-3 fatty acid was of cholesterol in plasma and egg yolk of hens and higher (p<0.05) with 3 and 5% canola oil (4.72 vs 6.80) as compared with the control and CSFA diets (Table 4) . Similar results was reported by Cherian and Sim (1991) with feeding 16% canola seed. Also Grobas et al. (2001) reported when alpha-linolenic acid content of the diets increased from 0 to 0.8%, the arachidonic, DPA and DHA acids in the egg-yolk increased. This indicates that the laying hen can convert linolenic acid to omega-3 fatty
